134 



CLAIMS 



We claim: 



1. An immunoglobulin comprising a /protection 
protein in association! with an immunoglobulin derived 
heavy chain having at least a portion o/ an antigen 
binding domain. \ 

2 . The immunoglobulin of claim 1 prtner compris- 
ing an immunoglobulin derived light chaiji having at least 
a portion of an antigen \binding domai^i associated with 
said immunoglobulin derived heavy chaj 

3. The immunoglobulin of cliim 1 or 2 further 
comprising a second immunoglobulin/ derived heavy chain 
having at least a portionl of an y&ntigen binding domain 
associated with said protection nrotein. 

in of/ claim 3 further compris- 
ived light chain having at 
inding domain bound to said 
heavy chain, 
in of claims 1-4 further 
chain bound to at least one 
d heavy chains. 

claims 1-5 that is a 



4 . The immunoglobu 
ing a second immunoglobuli 
least a portion of an ant 
second immunoglobulin der 

5 . The immunog 
comprising immunoglobu 
of said immunoglobulin d 

6 . The immunog/o 



lin' 



therapeutic immunoglobulin. 

7. The immunoglobulin of claim 6 wherein said 
therapeutic immunoglobulin binds to mucosal pathogen 
antigens. / 

8. The immunoglobulin of claim 7 that is capable 
of preventing der\tal caries. 1 

9. The /immunoglobulinl of claims 1-8 wherein said 
antigen binding domain is capWble of binding an antigen 
from 5 . mu tarts serotypes c, e\ and f or S .sobrinus sero- 
types d and/g. \ 

10. /The immunoglobulin tof claim 1 wherein said 
protection* protein has an amino acid sequence which 
substantially corresponds to at\ least a portion of the 
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amino acid residues 1 \ to 627 of the rabbit p/lyimmuno- 
globulin receptor and does not have an amino a/id residue 
sequence corresponding to amino acid residue/ 628-755 of 
the rabbit polyimmunoglobulin receptor. 
5 11. The immunoglobulin of claim y wherein said 

protection protein has an amino acid /sequence which 
substantially corresponds to at least /portion of the 
amino acid residues 1 U 606 of the ribbit polyimmuno- 
globulin receptor and do4s not have an /mino acid sequence 
10 corresponding to amino ackd residues / 8 -755 of the rabbit 
poly immunoglobulin receptor. 

12. The immunoglobulin of claim 10 or 11 wherein 
said protection protein h^s an am/no acid sequence which 
does not contain amino Jcid residues corresponding to 
amino acid residues eis. j/o 775 of the rabbit 
polyimmunoglobulin receptor/arid which does contain amino 
acid residues which correikond to one or more of the 
following amino acid segments: 
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a) amino acids co 
dues 21-4 3 of the rabbit 

b) amino acids 
dues 1 - lis of the rab 

c) amino acid£ c 



25 



ssponding to amino acid resi- 
n.mmunoglobulin receptor; 

mg to amino acid resi- 
»ly immunoglobulin receptor; 
. _ responding to amino acid resi- 
dues 119 - 223 of the rabbit ioly immunoglobulin receptor; 

d) amino acids corresponding to amino acid resi- 
dues 22 4 - 33 2 of ^the rabbit pblyimmunoglobulin receptor ; 

e) amino /acids corresponding to amino acid resi- 
dues 333 - 441 of the rabbit poW immunoglobulin receptor; 
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f) 

dues 442 

g) 

dues 553 



amino acids corresponding to amino acid resi- 
552/ of the rabbit poiyimmunoglobulin receptor; 
am4.no acids corresponding to amino acid resi- 
-/ 606 or 553 - 62V7 of the rabbit poly- 
immunoglobulin receptor. 1 

13. /The immunoglobulin of claim 1 wherein said 
3 5 protection! protein has an amino acid sequence which does 
not conta/in amino acid residues of a polyimmunoglobulin 
receptor/ of a species which are Analogous to amino acid 
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residues 628 to 755\ of the rabbit poly immunoglobulin 
receptor and which does contain amino acid residues from 
a polyimmunoglobulin \receptor of a species /which are 
analogous to one or more of the following /amino acid 
segments : 

amino acids jcorresponding to am/no acid resi- 
43 of the rabbit polyimmunoglobulin receptor; 

amino acids corresponding to .amino acid resi- 
118 of the rabbit polyimmunog/obulin receptor; 
amino acids corresponding jo amino acid resi- 
22 3 of the rabbit polyimmunoglobulin receptor; 
amino acids corresponding to. amino acid resi- 
33 2 of the rabbit polyimmunoglobulin receptor; 



a) 

dues 21 
b) 

dues 1 

c) 

dues 119 
d) 

dues 224 
e) 

dues 333 
f) 

dues 442 

g) 



amino acids c 

- 441 of the ra 
amino acids 

- 552 of the rj 
amino acids 




joncaing to amino acid resi- 
PjOWimmunoglobulin receptor; 
jnding to amino acid resi- 
olyimmunoglobulin receptor; 
£sponding to amino acid resi- 
ibbit polyimmunoglob- 

lin of claim 13 wherein said 



dues 553 - 606 or 553 - 
2 0 ulin receptor. 

14. The immunogl, 
species is human. 

15. The immunoglobulin of claim 1 wherein said 
protection protein includes! the amino acid sequence of at 

2 5 least one of the domains selected from the group consist- 

ing of the'follow/ng portions of the rabbit polyimmunoglo- 
bulin receptor:/ domain I, domain II, domain III, domain 
IV, domain V, afrid amino acid Residues 553 to 62 7 of domain 
VI; and does riot have an amine} acid sequence corresponding 
to amino aci/ residues 628-755 of the rabbit polyimmunogl- 
obulin receptor. \ 

16. /The immunoglobulin^ of claim 1 wherein said 
protection protein does not hive any amino acid sequence 
which corresponds to or is analogous to amino acid resi- 

3 5 dues 62/8-755 of the rabbit polyimmunoglobulin receptor and 

which /does include: 
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a) at least one domain which is from the pplyimmurio- 
globulin receptor of a jfirst animal and which is analogous 
to at least a portion of the following amino acid segments 
of the rabbit polyimmtknoglobulin receptor: domain I, 
domain II, domain III, domain IV, domain V, and aniino acid 
residues 553 to 627 of domain VI; / 

b) at least one domain which is from the polyimmu- 
noglobulin receptor of al second animal and /which corre- 
sponds to or is analogous to the followimg amino acid 
residue segments of the rabbit polyimmunjziglobulin recep- 
tor: domain I, domain III, domain III, /domain IV, domain 
V, and amino acid residues 553 to 627 /of domain VI. 

17. The immunoglobulin of ciaim 1 wherein said 
protection protein does not have any amino acid sequence 
which corresponds to or is\ analogous to amino acid resi- 



dues 628-755 of the rabbit 
which does include: 

a) at least one ami] 
polyimmunoglobulin receptj 
analogous to at least a 
acid residue segments 



pi ^immunoglobulin receptor and 



id segment which is from the 
a first animal and which is 
>rtion of the following amino 
tnViabbit polyimmunoglobulin 
receptor: domain I, /domain II, domain III, domain IV, 
domain V, and amino acid residues 553 to 627 of domain VI; 

b) at least/ one amino acid segment which is from 
the polyimmunoglobulin receptor of a second animal and 
which corresponds to or is analogous to the following 
amino acid residue segments of the rabbit polyimmunoglobu- 
lin receptor :/ domain I, domain it, domain III, domain IV, 
domain V, and amino acid residues! 553 to 627 of domain VI. 

18. /The immunoglobulin ofl claim 16 wherein said 
first anjonal is a mammal and skid second animal is a 
rabbit. 

19. The immunoglobulin of 1 claim 16 wherein said 
first/ animal is a human and said second animal is a 
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20. The immunoglobulin of claim 1 wherein skid 
immunoglobulin derived \heavy chain contains at lea/t a 
portion of an igM or IgA heavy chain of any subtype; 



21. The immunoglobulin of claim 1 whereiA said 
5 immunoglobulin derived hejavy chain is comprised of/immuno- 

globulin domains from twb different isotopes ojl immuno- 
globulin. I 

22. The immunoglobulin of claim 21 wherein said 
immunoglobulin domains aje selected from the group con- 

10 sisting of: 

a) the C H l of a mouse IgGl and tl 
mouse IgA; and | 

b) the C H l and C H 2 !of a mouse IgGl and the C H 2 and 
C H 3 of mouse IgA; / 

23. The immunoglobulin /6l\ cZlaim 1 wherein said 
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C H 2 and C H 3 of 




corresponds to the 

im 2 wherein said 
corresponds to the 

egi<5r 

of claim 1 wherein said 
amino acid sequence which 
at least a portion of the 



antigen binding domain sub 
Guy's 13 heavy chain varie 

24. The immunoglob 
antigen binding domain subs 

20 Guy's 13 light chain vari 

25. The immunoglob 
protection protein has a 
substantially correspond/ to 

amino acid residues 1 t/o 606\ or 1 to 627 of the rabbit 

2 5 polyimmunoglobulin receptor ahd has a second amino acid 

residue sequence contiguous viith said first amino acid 
sequence, wherein said second amino acid residue sequence 
does not have an am/no acid residue sequence corresponding 
to the functional: transmembrane segment of the rabbit 

3 0 polyimmunoglobul/n receptor. I 

26. The /immunoglobulin of claim 25 wherein said 
second amino /acid residue sequence has an amino acid 
sequence which corresponds to anlino acid residues 655 to 
7 55 of a polyimmunoglobulin receptor. 
35 27. JThe immunoglobulin ofi claim 25 wherein said 

second amino acid residue sequence is a portion of one or 
more of /the following: an intracellular domain of a 




poly immunoglobulin molejdale, a domain of a memb§ 
immunoglobulin gene supte^family , 
linker . 



an enzyme 
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28. A eukaryotic ce3\l containing an immunoglobulin 
of claims 1-24. 



29. The eukar„ 
eukaryotic cell 




'c cell of claim 
ant cell. 



8 wherein said 



*— 5^. The plant cell 
cell is part of a plant. 




of claim 29/wherein said plant 



31. A eukaryotic dell containing - 
sequence encoding a protection protein. 

32. The eukaryotic Jcell/ of cla^m 31 which also 
contains a second nucleoj^cl? /sequence encoding at least 



one of the molecules s 
of: an immunoglobulin 
a portion of an antig 
derived light chain / ha' 
antigen binding doma 
33. The eukar 
second nucleotide /sequence 



from/ the group consisting 
vy chain having at least 
domain, an immunoglobulin 
t least a portion of an 
^immunoglobulin J chain. 

i 

cel^L of claim 32 wherein said 
encodes an immunoglobulin 



derived heavy chairr having at least 



antigen binding 



portion of an 



lain; and which also contains a third 



nucleotide sequjence encoding kn immunoglobulin derived 



light chain leaving at least 
25 binding domain. 



a 

I 

i 

\ 



portion of an antigen 



contains 



34. / The eukaryotic cell \of claim 33 which also 
jL fourth nucleotide ^ sequence encoding an 



immunoglobulin J chain. 



/ 




The eKlkaryotic cell ot claims 31-34 wherein 
said eukaryoticr-cell is a plant ce\ll. 

/3 6. A plant cell containing^ a nucleotide sequence 
encoding a protection protein and \a nucleotide sequence 
encoding an immunoglobulin derived Weavy chain having at 
lea»^t a portion of an antigen binding domain. 

l 37. A eukaryotic cell containing a protection 
protein. \ 
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38. The eukaVyotic cell of claim 
contains at least ohe additional molecule 
the group consisting \of : an immunoglobul 
chain having at leas± a portion of a. 
domain, an immunoglobulin derived liglvt cha 




Jinding domain, or an 



10 




least a portion of an antigen 

immunoglobulin J chain! 

39. The eukaryotic cell of claim ^8 wherein said 
additional molecule is\ art immunoglobul/n derived heavy 
chain having at leas^fa portion of ah antigen binding 
domain; and which also dontains an immunoglobulin derived 
light chain halving at \ least a portion of an antigen 
binding domain. 

claim 37 which also 




The eukaryotib <5el 
15 cont^adTns an immunoglobulin/ J chai 



The eukaryotigj eel] 



Iplar 



of claims 3 7-40 wherein 



cej 



rims 



s 29, 35, 36 and 41 
"rved from a dicotyledonous 



\of claims 29, 35, 36 and 41 
derived from a solanaceous 



said eukaryotic cell is 
The plant c 
wherein said plant cel^ 
2 0 or monocotyledonous pla 
i~ 43. The plant ce 

wherein said plant ce 
plant. 

44. The plant/cell ot claims 29, 35, 36 and 41 
25 wherein said plant c4ll is aJifalfa cell. 

45. The plant cell ofl claims 29, 35, 3 6 and 41 
wherein said planjc cell is deriived from a tobacco plant. 

. 46. The t/lant cell of lclaims 29, 35, 36 and 41 
wherein said plant cell is parxt of a plant. . 



30 47. A composition comprising an immunoglobulin of 

omolecul 
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47 . 

claims 1-24 and plant macroinolecules 

48. T/he composition of claim 47 wherein the plant 
molecules axe derived f rom\la\dicotyledonous , monocotyle- 
donous, so4anaceous, alfalfV^ tobacco plant. 

49. / The composition or claim 47 wherein said plant 
molecule/ are ribulose bispho^phate carboxylase, light 
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15 



20 



25 



30 



pilm 
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harvesting complex 
chlorophyll. 

50. The composit 
immunoglobulin is prese^ 
0.001% and 99% mass exc 

51. The composit L 



ents, secondary metabolites /or 



:ii.on of claim 47 wherein / said 
t in a concentration of between 
ling water. / 
of claim 4 7 wherein said plant 
macromolecules are present in a concentration /of between 
1% and 99% mass excluding] water. / 

52 . A method ot producing an immunoglobulin of 
claims 1-24 comprising \the steps of: / 

(a) introducing linto a plant cell an expression 
vector containing a nucleotide sequence ^encoding a protec- 
tion protein operably lihked to a transcriptional promot- 
er; and \ S~\ / 

(b) introducing irafto said p^ant cell an expression 
vector containing a nucleotide/ sequence encoding an 
immunoglobulin derived/ heavy ichain having at least a 
portion of an antigen oindiing /domain operably linked to a 
transcriptional promotewVJ^' 

53. The method of ckaim 52 further comprising the 
step of : J / A 

(c) introducing iLnuoVVsaid plant cell an expression 
vector containing a/ nuakacrtide sequence encoding an 
immunoglobulin deri/ed l^*y\ chain having at least a 
portion of an antigen bindiVid domain operably linked to a 
transcriptional promoter. I 

54. The .method of claims 52 or 53 further compris- 
ing the step/ of introducing! into said plant cell an 
expression vector containing a\ nucleotide sequence encod- 
ing an immunoglobulin J chain ofoerably linked to a transc- 
riptional/ promoter . \ 

55\ The method of claims 52-54 wherein said immuno- 
globulin derived heavy chain is immunoglobulin alpha chain 
and s<aid immunoglobulin derived Aight chain is an immuno- 
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56. The method! of claims 52-54 wherein said immuno- 
globulin derived heavy chain is comprised of portions of 
immunoglobulin alpha ohain and immunoglobulin gamma chain. 

57. The method \of claims 52-54 wherein ykid plant 
cells are part of a plant. / 

58. The method] of claim 56 further comprising 
growing said plant. 

59. The methodi^^ claims 56 or pi wherein said 
plant is a dicotyledonpui-A, monocotyledonous , solanaceous, 
leguminous, alfalfa or tdbacco plant. / 

60. The methods pf claims Z52-59 wherein said 
immunoglobulin derived he^vy chain/is a chimeric immuno- 
globulin heavy chain. 

61. A method of riroducing>4 therapeutic immunoglob- 
ulin composition containing / plant macromolecules , said 
method comprising the step qy£ shearing under pressure a 
portion of a plant of claim^ 3 0 or 4 6 to produce a pulp 
containing a therapeutic immunoglobulin and plant macro- 
molecules in an liquidKl derived from the apoplast or 
symplast of said plant/jana solid plant derived material. 

62. The method' of Alaim 61 further comprising the 
step of separating /aid sorid plant derived material from 
said liquid. / \ I \ ^ 

63. The iifethod dt^lclaim 61 or 62 wherein said 
portion of saidf plant istta LLdaf, stem, root, tuber, fruit 
or entire plant. 1 

64. The method of claUm 61 wherein said shearing is 
accomplished by a mechanical! device which releases liquid 
from the/apoplast or symplast of said plant. 

65. The method of claim 62 wherein said separation 
is bv/ centrifugation, settling, flocculation or filtra- 

±±o#C- — ~ 



66. A method f or .producing an as&emtJled immunoglob- 
^in molecule having^heayy^^bigTrt and J chains and a 
3 5 /protection protein_^omWising the steps of: 

a) ^-introducing into a eukaryotic cell nucleotide 
sequences operably linked for expression encoding: 
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i) an immunoglobulin derived heavW^chain 
having at least a portion of^n /antigen 
binding domain, 

ii) an immunoglobulin ^derived light chain 
haviroff^-at leas^/a portion of fan antigen 
bindi'4g^domaln , 

iii) an immunoglobulin J chain, a>hd 

iv) a protection protein; and 
b) maintaining said cell under conditions allowing 

production afid assembly of said immunoglobulin derived 
heavy and light chains, said immunoglobulin J chain and 
said ^plrotection protein into an immunoglobulin molecule. 



f 67. A method for producing an afssembled immurtog: 
ulin molecule having heavy, light/ and J chains and a 
protection protein by maintaining Zander conditions allow- 
ing protein production /and immunoglobulin assembly, a 
eukaryotic . cell containing ipuc^otide seguences operably 
linked for expression yencotHJnc 

i) an i^unogllpbulin derived heavy chain 
/ L/I 

having at Qfeast a portion of an antigen 
bind/ 

ii) an /immunogiob^ilin derived light chain 
having/at lfeast a portion of an antigen 
binding domain, 

iii) an wnmunog/robulin J chain, and 

iv) a /rotectjjon^ protein. 

68. The /method df Wlaims 66-67 wherein said 
eukaryotic cell/is a planl 

69. A method of making! an immunoglobulin resistant 
to environmental conditions comprising the steps of : 

a) operably linking a nucleotide sequence encoding 
at least a portion of the antigen binding 
domain derived from an immunoglobulin heavy 
chain to a nucleoside seguence encoding at 
least one domain derived from an immunoglobulin 
alpha heavy chain to Worm a nucleotide sequence 
encoding a chimeric immunoglobulin heavy chain; 
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b) expressing ^said nucleotide sequence encoding 
said chimeric immunoglobulin heavy chain to 
produce said chimeric immunoglobulin/ heavy 
chain in a ejukaryotic cell which also contains 
at least ond| other molecule selected /from the 
group consisting of: a protection p/otein, an 
immunoglobulin derived light chair/ having at 
least a portion of an antigen binding domain 
and an immunoglobulin J chain; and 
thereby allowing the chimeric immunoglobulin heavy chain 
to assemble with said at least one other/molecule to form 
said immunoglobulin resistant to said environmental 
conditions. \ / 

70. The method of Iclaim 69/ wherein said other 
molecule is a protection priotein and said eukaryotic cell 
also contains an immunoglobulirK-darived light chain having 
at least a portion of an ty(tiq/8{r\ binding domain and an 
immunoglobulin J chain. 

71. A process for 
resistant to environmental 
conditions allowing prouel 
assembly a cell containing? 

a) a nucleotide 'isequence encoding a chimeric 
immunoglobulin |eaU chain in which a nucleo- 
tide sequ/ence encodang at least a portion of an 
antigen/binding domain derived from heavy chain 
is opefrrably linked! to a nucleotide sequence 
encodfing at least ohe domain derived from an 
immunoglobulin alpha\ heavy chain; and 

b) a/ least one other molecule selected from the 
>group consisting of: f. protection protein, an 

/ immunoglobulin derived light chain having at 
: / least a portion of an\ antigen binding domain 
/ and an immunoglobulin J\ chain; 
there/y allowing the chimeric immunoglobulin heavy chain 
to assemble with said at least one bther molecule to form 



icing an immunoglobulin 
i?tions/by maintaining under 
fion and immunoglobulin 
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said immunoglobulin 
conditions. 
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distant to said environmental 



72. The immunogljCjBulin of claims 50-52 wherein sai 
eukaryotic cell is a/p&tant cell. 
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15 



20 



25 
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different polypeptide of 
at least one of each of 




73 . A tetratransgfenic organism comprised" 
containing four different transgenes each encoding a 

a multipeptide molecule wherein 
said different polypeptides is 



associated together in said multipeptide molecule/ 



organism of claim 73 wherein at 

encoding 



74 . The transgenic 
least one of said four transgenes is a transge 
a protection protein. 

75. The transgenic organism of claim >73 wherein at 
least one of said four transgenes is a transgene encoding 
an immunoglobulin derived! heavy chain having at least a 
portion of an antigen bindang domain. 

76. The transgenic ©rgartLsm\ of ouaim 7 3 wherein at 

transgene encoding 

n having at least a 



sgenes is 



i!ght cl 

dolm< 
;ganisj 



of claim 7 3 wherein at 
transgene encoding 



lism of claim 73 wherein at 
jenes is a transgene encoding 
ivy chain. 



least one of said four trans 
an immunoglobulin derived 0. 
portion of an antigen bind 

77. The transgenic 
least one of said four tra 
an immunoglobulin J chain 

78. The transgenic 
least one of said four tra 
a chimeric immunoglobulin 

79. The transgeni/c organism of claim 73 wherein 
said transgenic organism is a plant. 

80. The transgenic organism of claim 73 wherein 
said transgenic organism is a| mammal. 

81. The imMunoglobulinl of claim 1 wherein said 
chimeric immunoglobulin heavy! chain contains an immuno- 
globulin domain/from one of the following immunoglobulin 
heavy chains: ZgG, IgA, IgM, I^E, IgD; and. also contains 
a protection protein-binding dolmain from IgA or IgM. 

82. T/he immunoglobulin of claim 81 wherein said 
immunoglobiilin heavy chains are human, rodent, rabbit, 
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bovine, ovine, capriAe, fowl, canine, feline or primate 
immunoglobulin heavy chains. 

83. The immunoglobulin of claim 81 wherein said 
protection protein-biAding domain is from the IgA of a 
human/ rodent, rabbit ,\ bovine, oytne, canine, feline or 
primate. 

'£>f claim 81 wherein said 
chain is comprised of 
)use JfgGl and said protection 
mouse IgA or IgM. 
ilin of claim 81 wherein said 
heavy chain is comprised of 
immunoglobulin domains of\ a human IgG, IgM, IgD or IgE and 
said protection jprotein-binding domain is from a human IgA 
orXfgM. 



84. The immunojf 
chimeric immunoglobi 
immunoglobulin chains 
protein-binding dome 

85. The immune 
chimeric immunoglol 
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